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THE STEAIA TURBINE.
i
I History and Early Development.
j
The earliest records of steam engineering are to be found
j
among the relios of ancient Egypt. About 120 B.C. Hero wrote his
celebrated work 'Spiritalia Sett Pneumatica", in which he described
several forms of mechanioal apparatus, probably the most interesting
of which is a reaction steam turbine. It consisted of a boiler, a-
bove which was a sphere mounted upon two trunnions. By means of
these, steam was admitted to the interior of the sphere. On the ,
equator were attached two bent tubes,, such that the issuing steam l|
reacted upon the sphere and caused it to revolve about the trun-
nions.
I
It is unknown whether this engine was ever more than a mechan-
1
ical toy, although it is very possible it may have been used by
the priests for driving so-aalled magical apparatus where high
speed was desirable. i
The next turbine, capable of any practical development, and
which may be regarded as the forerunner of the De Laval turbine,
was invented by Bianca in 1629. It consisted simply of a jet of
steam impinging upon the vanes of a paddle wheel and blowing it
around.
,
The steam engine of maximum simplicity and of ideal thermal
efficiency would presumably be defined, by one familiar with the
general principles of science, mechanically as a machine having
a minimum number of moving parts and thermodynamically free from .
!
other wastes than those of the ideal thermodynamic machine. Such
a machine has never been produced, and it is not to be expected I

that it will ever be construoted in perfeption. Yet the beginning
j
of the 20th century sees a remarkable close approximation to this
ideal.
^
It is not a little remarkable that the latest developments of
I steam engineering should be returning to the earliest forms of
I
engines of which we have record. It is still more remarkable that
the turbine as described by Hero had greater economy than any steam
I
engine produced for 18 centuries later.
More than a half century ago, a steam turbine of the Hero
form was built in Syracuse, Mew York by Wm. Avery, which with its
comparatively large scale of construction, fairly well proportiondd
arms, and generally excellent design, was found to give, as then
reported, practically the same economy in operation as the ordi-
nary steam engine of the time of similar power. Within the last
25 years, both the Hero and the Branca forms of turbines have been
introduced into the United States without attracting the atten-
tion of the public or even of engineers, by the constructors of
dairy machinery in their "cream separators" or "centrifugals"
which make from six to eight thousand revolutions per minute or
: more in small sizes, and in which no other direct-acting motor is
practicable. In 1883 De Laval made the first successful steam
turbine, using it in direct connection with the shaft of the cream
separator manufactured in this country by The De Laval Separator
company. This, his first turbine, in design and construction a
1
reaction wheel, was, however, soon replaced by one of the Branca
or impact type, and of the results attained Prof. Thurston says,
"The result was an astonishing efficiency in many cases of good
design; and the Branca form, particularly, exhibited such

satisfactory qualities as oonstructed by De Laval for this use as
to make it a permanent and standard addition to our list of prime
movers** •>
However, satisfactory as these results were, the steara^urbine
was yet very limited in it5application and, comparatively wasteful
of steam, and to compete successfully with the reciprocating steam
engine it was necessary to introduce means for the complete expan-
sion of the steam. Should the true Branca type further be retained
which was desirable on account of its simplicity as compared with
a combination of the Branca and Hero types, the constructive dif-
ficulties arising out of the enormously high speed necessary would
have to be overcome. This De Laval aimed at and finally accomplish-
ed. By use of the diverging nozzle, which he patented, he secured
a conversion of the static energy of the steam into kinetic. Then
to overcome the impossibility of producing a wheel accurately e-
nough balanced to revolve about its center of gravity at a high
velocity, without causing a side pressure destructive to plain
bearings and a rigid shaft, he conceived the flexible shaft which
he also patented,
Rankine states that Mr. RuthKen brought a Hero turbine into
use, to a limited extent, many years ago in Scotland; and that
Mr. Wm. Gorman constructed an inward flow turbine, which was set
up and operated in a G}.ascow saw-mill, attaining as high an ef-
ficiency as "the ordinary high pressure engine" - presumably mean-
ing a non-condensing engine.
The exceedingly high speed at which the steam turbine runs
was probably the chief cause of its not being developed earlier.
The speed was too high for nearly all practical applications.
1-
The coming of the dynarao-electric maohinery, however, about twenty-
j
five years ago and the development of electrical and mechanical
engineering, created a demand for a good engine suitable for the di
rect working of dynamos and fast running machinery. Engineers were
becoming more accustomed to high speeds of revolution, for the
speed of dynamos was then from 1000 tp 2000 revolutions per minute.
In 1884 preliminary experiments were commenced by O.A. Parsons
at Gates-head-on-Tyrae, England, with the view of dealing practically
I
with the turbine question, and ascertaining by actual trial the
|
conditions of working and equilibrium of shafts and bearings at
|!
such high speeds as are essential in steam turbines. Trial shafts
[ were made and run by belts to the exceptionally high speed of
40,000 revolutions per minute, at which speed no difficulty was
'
I
experienced, providing that a certain amount of elacticity was
j
'
!provided for in the bearings and also an ample supply of lubricant*
|
In the same year ^1884) a 10 horse power turbine and a mod- !
ified dynamo were desighed and constructed for a working speed of
18,000 revolutions per minute. This machine proved to be practically
;
successful, and subsequently ran for some years. It is now in the
South Kensington Museum.
I
Calculations as to the velocity of the issuing steam led to
the design of the turbine on the compound principle, consisting
; of a number of successive turbine wheels, or rows of blades on
one drum or shaft. Improved and larger turbines were rapidly made
and placed on the market. In 1889 turbine alternators of 100 horse
power were placed in the New Castle and District Electric Lighting
Company's Station. In 1891 when some thousands of horse power were
in operation, the first steam turbine alternator of 200 horse
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power at 4,500 revolutions per minute, adapted for condensing,
was constructed, and gave a remarkably high steam efficiency. In
1089 De Laval, patented an improved form of Branca* s turbine wheel
and since that time it has continually been improved, as have all
other forms of turbines. In the last few years new patents, im-
provements, and also patenters and inventors have become more num-
erous.
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II. Fundamental Principles.
All prime movers operating upon the principle of the direct
conversion of the Mnetic energy of a moving mass of fluid into
useful work by impact or reaction, or both, may be broadly classed '
as turbines, although strictly speaking the classification is no
more applicable to forms of steam than hydraulic machinery. In
many respects the two forms of motors are similar in principle
and action. In the sjream turbine, however, two conversions of energy
take place, 1st, the conversion of thermal to kinetic, 2nd, the
|
conversion of kinetic energy into useful work. The second conversion
has a direct parallel 'in the hydraulic turbine, but the first has not.
The fundamental principle of the steam turbine, in contradis-
|
tinotion to the reciprocating steam engine, lies in the fact that
the latter does work by reason of the static expansive force of tbe
steam acting behind a piston, while in the former case the work
is developed by the kinetic energy of particles of steam, which are
given a high velocity by reason of the steam expanding from one
pressure to a lower. A radical difference between the steam and the
hydraulic motor, and one that has introduced difficult problems in
steam turbine construction, lies in the low density of steam as ll
'1
compared with that of water and the variation between wide limits
|j
of its volume under varying conditions of pressui^e and temperature.
The .volume of water on the other hand remains practically constant
||
under the infinitesmal changes in temperature likely to occur dur- '[
li
ing its passage through the turbine due to superficial and molecular
friction. Velocity and jet energy of steam for various values of
initial and final pressures are given in Table I.
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Steam turbines may be divided into three classes,
1. Impact - of which Brancas is an example,
2« Reaction - of which Hero's is an example.
3« A combination of these two - of which Parsons is an example.
Table I.
;|
The velocity of outflow and the working capacity of dry satura-
j
ted steam,
Steam Pressure Back pressure 1 atmos = 14.7 lbs, abs
.
Lb. per. sq. in. Velocity of steam Kinetic Energy Pt.^bs
Ft.T)er second. per sec. (KE^3600) H.P,
:
Per lb of steam per hr. !
34'. 37 .062
36.62 .066
38.63 .070
40.35 .073
41.87 .076
Back pressure 2.4 lbs per sq.in. absolute or 25" Vacuum.
120 3596 55.80 ,101
140 3661 57.84 ,105
160 3718 59,65 ,108
180 3764 61.14 ,111
200 ' 3810 62,64 .114
Back-pressure. 93 lbs. per sq.in. absolute or 28*' Vacuum.
120 3940 67,00 .122
140 4000 69.01 .125
160 4045 70.61 .128
180 4091 72,22 ,131
200 4127 73,50 ,134
120 2822
140 2913
160 2992
180 3058
200 3115
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The reaction turbine and the impact turbine have this in common;
i
that both convert heat energy into work by the same thermodynamic
j
process and both exhibit the same phenomena of steam production and
!
former accelerates the jet of steam actuating it, by its own rota-
tion, and by the action of centrifugal force, and in such gianner
as to compel a higher resultant speed for a stated efficiency and !|
such as to make the velocity of the orifice, for unit efficiency,
i
infinite; the velocity of the jet relatively to the nozzle is also
\
infinite while falling to absolute velocity zero; The impact turbine
' on the other hand receives the jet at the raaximun velocity due to '
, the steam pressure behind it, simply and steadily reduces the velocity
to a minimum. The general thermodynamic theory is precisely that of
,
I
the piston engine as both work on the Rankine cycle.
For giaximum efficiency the absolute velocity of the steam after
impinging on the vane should be zero. This necessitates that the
, velocity of the vane should be one half that of the entering steam,
as is easily seen, -
utilization. Thermodynamically they have this difference; that the

The aotion of the steam on the buckets may be shown by the paralleo-
gram of velooities, Pig.l shows an ideal condition which it is im-
possible to obtain in practice, V is the direction and velocity -^f
the steam issuing from the nozzle,
Vo the velocity and direction of the buckets. Component Vj is
the relative angle and velocity with which the steam strikes the
bucket ,V2 is the relative direction and velocity of the steam leav-
ing the buckets,
Vg is therefore the absolute velocity and direction of the steam
leaving the buckets.
It will be observed here that V is horizontal, so that the
3
combination is one of maximum efficiency, the only losses being due
to the angularity of the nozzle.
By reason of the high velocities of steam, a diagram, similar
to Fig. 2, is what is generally obtained in practice. It will be
noted that the angle of the bucket at the entrance corresponds with
i that of the component V^. It is usual to have the angle of outlet
! making an angle with the plane of motion, equal to that of the inlet
j
with the same plane, thus taking away practically all end thrust.
Although in many respects superior to the reciprocating engine
i
in efficiency of energy conversion, the steam turbine has inherent
losses, some of which are traceable to the pecupiar construction
employed and which have no parallel in the piston engine.
The turbine losses may be summarized as;
Thermal
;
a. Conduction
b. Radiation
o. Leakage,
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Thermodynaraic
;
d. Inoomplete expansion.
e. Absence of adiabatic compression.
Mechanical;
f. Fluid friction.
g. Bearing friction.
Heat loss by conduction and radiation is of very little im-
portance in the turbine, and may be greatly reduced by insulating
covering applied to the exposed parts,
is
Leakage^largely a question of clearance between stationary and
moving parts, and is particularly active in the parallel flow
|
turbine, where it is overcome only by the highest grade of work-
manship.
Incomplete expansion is entirely dependent upon the effective-
ness of the condensing apparatus, but may easily be reduced to zero
by proper design of the expansion chambers, if adequate machinery
is available.
The reduction of the thermal efficiency of the turbine, due
to the absence of the adiabatic compression of the Oarnot cycle, i
•is from a practical stand-point irr,emediable.
|
Mechanical losses from fluid friction, while absolute losses
in the case of the hydraulic motor, are not so in the steam turbine,
for the reason that a portion of the heat generated by the friction
of the working fluid upon vanes and casing is returnable to the
heat cycle as a superheating effect. The extent of fluid friction
is altogether problematical, but it is observed that excessive
moisture in the steam will check the speed of the turbine to a

notioeable degree. In the impulse type fluid friction is particular-
ly active, due to the enormous surface speed of the particles of
' moisture as they traverse the buckets; also to the surface friction
of the disc revolving in a dense medium. The obvious remedy is high j
superheat and the best possible vacuum. I
Mechanical losses other than fluid friction are confined mainly
^
to the bearings, which are so constructed that metallic contact
I
betwean parts is prevented by an oil film. Bearing friction is thus
essentially fluid friction and therefore is one of the smallest
II
sources of loss. In the impulse type the mechanical friction is
much larger, due to the high speeds and the speed reducing gearing
machinery.
A striking feature of the steam turbine is the absence of ther-
mal losses arising from the alternate contact of live and exhaust
!
steam with metallic services. An ideal condition exists; that of
I
constant temperature throughout the machine. In every type, irrespect-
ive of mechanical design, a definite temperature gradient exists l|
I
along the metal of the surrounding nozzle or casing. To this feature
II
may be largely ascribed the economy of the turbine. A forceable
I
demonstration of this is afforded by machines of the parallel flow
type under operation, in which it is not unusual to find within a
distance of three or four feet on the casing a temperature range fif
240 to 250 degrees P. vvith the exhaust parts sufficiently cool to
touch.

JD/a. Of Throar 4" !
Ve/ocitj of Efflux ^&ldper.5ec.
Expandih<^ rrom IJO'^^ppr a"ro Z€"
Vacuum :
Pounds steam per hour 33Z
\
Theoretical Hor^e Power II/.S
j
^ Pressure Curve \
Fi9' J
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III. Westing-house Parsons Turbine.
(1; The distinctive feature of this type is the means employed
for obtaining the complete expansion of steam and conversion of
energy without the use of nozzles. Fig. 4 is a general longitudinal
section through a V/esting-house- Parsons turbine. The steam enters
at the governor valve and arrives at the chamber A and passes out
to the right through the turbine blades, eventually arriving at the
Pig. 4.
exhaust chamber B. The blades are as shown in Fig. 5. The steam
passes first a set of stationary blades and impinges on the moving
blades thus driving them around, and so on. The ajyrcas of the
passages increase progressively in volume, corresponding with the
expansion of the steam. On the left of the steam^ inlet are shown
revolving balance pistons 0^, and 0^ one corresponding to each
The
of the cylinders in^^turbine, which according to size may be 1, 2, 3,
or 4 in number. The steam at A presses against the turbine and
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goes through doing work. It also presses in the oposit© direction,
but cannot pass the piston 0^^, but at the same time the pressure
so far as the steam at A is concerned, is equal and opposite, so
that the shaft is not subjected to any end thrust.
The pressure at D is equal to that at E by reason of the balance
port F, so similarly, so far as the steam pressure at E is concerned,
I
there is no end thrust. This same fact also applies to area G .
!i
j
The areas of the balance pistons are so arranged that no matter
*
:
what the load may be, or what the steam pressure or exhausfe pressure
may be, the correct balance is preserved and the shaft has no end
Thrust whatever
«
At H is shown a thrust bearing which, however, has no thrust to
take care of, but serves to maintain the correct adjustment of the
balance pistons.
The balance pistons never come in mechanical contact with the
cylinder, and consequently there is no friction. There is obviously
some leakage past the pistons, but it is found to be very small.
Centrifugal force seems to have something to do with keeping down
this leakage. The particles endeavoring to escape have to pass
radially inwards in going through the small clearance. It is supposed
then, that the rapidly revolving pistons have the effect of throwing
Pig. 5.
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^
I
outvmrds the particles with which they oome in oontact by reason
of skin friction, so that the particles being slung outwards r#nd
to oppose the escape of the particles inwards. This theory is
||
somewhat imaginary, but in view of the economy obtained, the leak-
!l
age cannot be very great*
At K is a pipe connecting the back of the balance pistons at
I,
L with the exhaust chamber (Pig.4), to insure the pressure at this
point being exactly the same as that of the exhaust.
At J, J, are shown the bearings. The bearing proper is a gun
metal sleeve, which is prevented from turning by a loose fiting
1
dowel. Outside of this are three concentric tubes having a small
clearance betv/een them. This clearance fills up with oil and per-
mits a vibration of the inner shell, at the same time restraining
it. The shaft therefore revolves about its gravity axis, instead
,|
of geometric axis as would be the case were the bearings of every
day construction. The journal is thus permitted to run slightly
I
eccentric, according as the shaft may be out of balance. This
f
eorm of bearing performs the function of the De Laval's slender
flexible shaft.
A by-pass valve is provided, shown at P, which admits high
Sream
pressure/^by means of port Q to the steam space E. By opening this
;
valve as much as 60% overload may be obtained, and in the case of
I
ii
turbines operating condensing, full load may be obtained should the
"
; condenser be at any time inoperative, due to any cause, and the
tur^bine allowed to exhaust into the atmosphere.
|
In all engines the governor is an important consideration. A -|
[
fly-ball governor is used, the ball levers being swung on knige
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The governor works both ways, that is to say, at the midposition of
the levers a full head of steam is admitting to the turbine. A
movement from this ineither direction tends to out off the supply.
The speed of the turbine may be variej within all the limits
I
of the governor spring while the turbine is running. This is parti-
cularly useful in bringing alternators in synchronism and adjusting
their differences of load when in multiple.
The arrangement of the governor levers is shown digramatioally
in Fig. 6. They are attached to a small relay value A which controls
Pig. 6.
the steam below the psiton B, which is directly connected to the
main admission valwe. The levers receive reciprocating motion at
from an eccentric. The governor clutch is used asotfulcrum, points
D and E being fixed. Continuous reciprocating motion is thus given
to the relay value. This in turn is transmitted to the admission
valye. The function of the governor is to vary the plane of oscil-
lation of the relay valve, which causes the admission value to re-
main open for a longer or shorter period according to the position
of the governor. The steam, therefore, is admitted to the turbine

in puffs, which ocour at oonstant intervals of time. The puffs are
I
either of long or short duration aooording to the load. At full
load the puffs merge into an almost continuous blast. The admission
value is continuously in motion and consequently gets no opportunity
to get stuck. The power to work the relay value and overcome the
jj
inertia of the levers is transmitted through the governor clutch,
hence the balls are moved in and out a very small amount at every
oscillation of the levers, so that the governor levers in respect
j
to their motion about their points of suspension are never at rest,
and consequently when a change 3f load comes, the governor does n(bt
have to overcome the friction of rest, and is always ready to go to
its new position.
||
The essential parts of the turbine are of course the blades and
buckets. They vary in size from -5^" to 7" according to where they
are used. Every row of these blades has passages of increased area, !
I
corresponding with the volume of the steam.. This increase of volume '
is obtained by increasing the heights of the blades, and when these ji
I have reached the desired limit, the diameter of the turbine is in- !
creased and the steam permitted a higher velocity that enables the
I
blades to recommence another progression. '
Considering one barrel of the turbine the fall of pressure, or
i
to be more exact, the coefficients of expansion are the same for
1
every tow. i
Referring to diagram Pig. 5. the steam at pressure P in expanding
|;
through row 1 to pressure converts its energy into velocity and '
j
impinges upon the moving blades of row 2. The steam then performs a
\
I
second expansion in expanding through row 2, again converting its
energy into velocity, but this time the energy of the efflux reacts
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upon the blades from whioh the steam issues. The same cyole is re-
peated in rows 3 and 4 and so on until exhaust pressure is reached.
The moving blades therefore receive motion from two causes, the one
due to the impact of steam striking them , the other due to the
reaction of the steam leaving them and in this respect is this tur-
bine a combination of Branca' s and Hero's turbine.
Pig. 7 shows the complete revolving part of a 3000 H.P. turbine
Its weight is 28,000 lbs,, length over all 19 ft, 8 in., and 12 ft,
3 in. between; the largest diameter, 6ft.
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De Laval Turbine,
(2) The most remarkable feature of the De Laval type of turbine
is the speed of the bucket wheel, necessitated by the velocities
attained by the steam after expansion from boiler down to condenser
pressure in theproperly designed nozzle. The principle of operation
follows in a general way that of hydraulics and the velocity cor-
responding to maximum effioiency is consequently one-half of that
of the issuing jet, which means that the buckets should have a peri-
pheral speed ranging as high as 2000 ft. per second under conditions
of high boiler pressure and vacuum. The angularity at which the .
nozzles are placed modifies this speed to some extent. Pig. 8 shows
a standard nozzle mounting which is at 20 degrees to the plane of
the bucket. This reduces the rim speed corresponding to maximum
efficiency to 46.98 per cent of that of the issuing jet, or 1880 ft.
per second. gos20°), or about 21 miles per minute. In practid©
however, this speed exceeds the limit determined by the strength of i
materials, and in the actual machine the maximum peripheral speed
ranges from 34i-/^ of the jet velocity in the largest sizes to 13%
in the smallest.
The design of the nozzle for obtaining definite results may he
accomplished with remarkable nicety. At the outset, however a
peculiar condition limits t© the capacity of a nozzle with given
throat area A and terminal pressure and P^, As long as P^ is great
er than .SSP^^ the quantity discharged and the velocity of exit is
nearly propertional to the pressure head P^^-Pg, but beyond this
limit the quantity discharged and the velocity are constant irrespec
tive of the value of P^, In order to increae the velocity it is

Fig. 0.
necessary to provide a divergent nozzle so proportioned that the
steam will be gradually expanded from to within the nozzle,
thereby preventing the spreading of the jet after leaving the nozzle,
due to incomplete expansion therein.
The velocity of the turbine v/heel and shaft, in most cases too
great for practical utilization direct, is considerably reduced by
means of a pair of spiral gears, usually made 10 to 1. This high
speed has also necessitated the mounting of the wheel upon a long
thin shaft in order to afford the necessary flexibility; it being
of course, impossible to machine the disc with sufficient accuracy
to secure the coincidence of gravitational and geometric axes» On
this account as the turbine increases in speed a point is reached
.
where vibrations which have started, suddenly disappear. This point
is known as the critical speed and marks the period when the wheel
changes from one axis to the other. The point may be calculated by
the formula; N=04^;^. V/here H is the number of revolutions per
minute, P the force required to bend the shaft one-half the distance
between the two axes, W the v/eight of the wheel, and C is a constant.
This critical speed is found to be from 12.5 to 20 per cent of the
normal speed.
The escape of the steam radially is prevented by the tops of
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the buckets meeting so as to form a oontinuous ring enclosing the
buckets. The hub of the wheel projects into the casing in such a
manner as to prevent the destruction of the machine should the
failure of the rim followed by the shaft take place.
The regulation is accomplished by a sensitive centrifugal gov-
ernor mounted at the end of the gear shaft and controlling a double
beat poppet value in the steam line. This method of governing re-
sults in the throttling of the incoming steam at all loads below
full loads, and nullifies somewhat the advantage of high pressure
steam. This can, however, be remedied to a certain extent on uni-
form loads by reducing the number of nozzles in service to the
smallest possible number, thus permitting each nozzle to work^steam
at maximum initial pressure.
The De Laval Turbine is usually considered as an impact turbinej^
although the reaction principle is employed as well.
Pig. 9 is a view of the turbine whell and nozzles. Pig, 10 a
view of the generating set.
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The Curtis Turbine,
(3) The Gurtis turbine combines the principles of the Par-
sons and De Laval turbines, A comparatively high initial velocity-
is given to the jet by expansion in a nozzle or set of nozzles in
parallel as in the De Laval, and this velocity is absorbed by suc-
cesive action upon a series of alternately moving and stationary
vanes arranged as in the Parsons, with this difference, that while
in the Parsons turbine there is a sufficient difference in pressure
|
between the two sides of each vane to induce the flow, and a con-
j
tinuous expansion, the successive vanes in any one stage of the
Ourtis are used simply to absorb the velocity or momentum already
,
generated by expansion in the nozzle. When the initial velocity has
been absorbed motion is again generated by expansion in another set
\
of nozzles of an area sufficiently greater than the first to allow
for the increase of volume by the previous expansion and the opera- I
,
tion is repeated upon another and larger set of vanes.
This process of expansion in nozzle and subsequent abstraction
' of velocity by successive impacts with wheel vanes is generally re-
peated two or more times, the devices for each repetition being
generally designated as a stage. There may be various numbers of
stages and various numbers of lines of moving vanes in each stage.
The number of stages and the number of lines of vanes in a stage are
i
;
governed by the degree of expansion, the peripheral velocity which '
Ij
is desirable or practicable, and by various conditions of mechanical
expediency*
Generally speaking, lower peripheral speeds entail more stages
more lines of vanes per stage or both. The general practice is to
so divide up the steam expansion_Jbha^ _all_stage3 handl.j about
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equal parts of the total power of the steam.
The advantages olaimed are slower rotative speeds with simpli-
j
city of construotion, less weight, fewer parts, lower first cost and
a higher effioienoy. The first olaira is perhaps the most interesting,
especially as modified by that of simplicity, for the field of the
turbine is likely to be vastly increased if its rotative speed can
be reduced so that it will be at no greater disadvantage in belting
down than the reciprocating engine is in belting up.
j
In the Curtis turbine the buckets were formerly milled out of
the solid metal of the disk its-self but now are made of oast bronze.
No attempt is made to keep the speed of the vanes up to one-half
that of the jet, for it is not sought to take the velocity all out
of the j€t in the first bucket, and what remains after the first
bucket is passed is not wasted but absorbed by the series which
follow. Instead of the small initial disk of the Parsons a larger
disk receives the already partially expanded steam and a lower rotary
speed even than that of the Parsons is practicable.
Fig, 11 shows the arrangement of nozzles and stationary and
moving blades. This is the arrangement in a two-stage turbine, A
fourstage turbine has recently been patented.
The g werning mechanism is controlled by electrical connection
with the governor, the latter being at the extreme top of the ma-
chine. In Pig. 12 is a diagram showing the principle of the device.
The* governor at G connects with a cylinder R on the surface of
which is a series of contact points arranged spirally, so that, as
the cylinder turns one way or the other, these points will come in
contact successively with corresponding points from which the ver-
tical wires extend and close the circuit through these wires in
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STEAM CHEST
succGssion»
Referring to Pig. 12, A is the supply wire for th© oia^rent, add
B the return. The current passes through the switch S, which or-
dinarily is enclosed, and thence to the wire X and to the cylinder.
The vertical wires at the left connect with the solenoids belonging
to the various sets of nozzles, but in this diagram the horzontal
wires leading to one set of nozzles only are indicated, which ac-
counts for several of the vertical wires having no apparent con-
nections. When the cylinder R is so rotated by the governor as to
bring two contact points together, the current energizes the cor-
responding solenoid at T, and +-,hence passes to the return wire B,
Should the turbine speed up above normal, the governor arm drops
and breaks the current at the switch S and all of the solenoids
are thrown out of action and their valves close, shutting off steam.
The nozzle values are not opened directly by the solenoids, but
through T.he medium of small auxiliary valves which the solenoids
control and which serve to create a balanced or unbalanced steam
pressure, upon the faces of pistons attached to the nozzle valve
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spindles*
A new governing device has recently been invented as some trouble
was encountered with the one just described.
A reversing Ourtis Turbine is made for marine work, Tho re-
versing is made possible in a very simple manner by placing vanes
on the outer rim pointing oppositely to the ahead vanes, all inclos-
ed in the casing of the secondary stage, A separate steam pipe leads
to this part of the casing, and the steam is admitted by a separate
valve.
The turbine wheel is supported on a step bearing, the oil in
this bearing being forced in under a very high pressure, so that
the friction is very slight, being simply fluid friction,
Pig,13 is a view of a 5000 kilowatt Ourtis stem trubine.
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The Rateau Turbine.
(4) Although operating upon the same general principle as the
Curtis, the Rateau Turbine employs a slightly different arrangement
of nozzles and discs. Referring to Fig»15 the sectional view of
the two-stage marine turbine is shown, together with transverse
sections, through the first nozzle disc of each stage. In this
turbine each vane wheel revolves in a separate compartinent, and
is separated from adjacent wheels by a nozzle disc accurately fit-
ting the turbine casing, but loosely fitting the shaft. The machinej
thus constitutes in effect a series of De Laval Turbine wheels, '
mounted upon a single shaft, but differing from the De Laval con-
struction in that the nozzle is subdivided into a number of sect-
j
ions corresponding to the number of vane wheels. The steam enters
|
at A, and by means of a circular steam port is admitted to four
peripheral nozzles >c7<|, etc, each nozzle accupying but a small
portion of the periphery and being subdivided into several com-
partments as in the case of the Ourtis nozzle. The segmental area
of each of the four nozzles gradually increase from the steam to
the exhaust end of the machine, in order to allow the steam to
expand.
The revolving wheels are formed of discs of thin sheet steel, i
carrying cylindrial buckets on the periphery, these buckets being
riveted to a band of steel welded to the disc. This gives a very
light and strong construction. The guide buckets are fixed in cir- '
cular diaphragms, secured at the periphery in grooves cut in the
interior of the turbine case. There is thus left between the suc-
cessive diaphragms a series of annular chambers in which the re-
volving wheels are placed as shown in Pig. 15,
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An ordinary compensated oentrifiigal governor is used to regu-
late the speed, it acts by varying the pressure of the steam de-
livered to the turbine. By means of a by-pass in the main steam
pipe it is possible to deliver steam of full pressure both to the
entrance of the turbine and to a point in the machine nearer to the
condenser, thus enabling the machine to carry a large over-load.
The Rateau Turbine is of particularly light construction, a 1200
H.P« machine weighing about 7700 lbs., or 6.42 lbs. per brake H.P.,
and it is stated that this weight can be still further reduced if
extreme lightness is particularly desirable. Pig. 14 is a view of
the Rateau multicellular turbine.
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Other Types of Steam Turbines,
(5) Mr, George Westinghouse has recently taken out a patent for
|
a vertical turbine. The large top of the revolving drum of this
|
turbine is exposed to the vacuum and the object of the invention
is to utilize the atmospheric pressure upon the under side of the :
drum to support the weight of the revolving parts,
A multiple impact steam turbine has recently been experimented
|
with by Mr. A.M, Levin with the object in view to investigate, if
|
it would not be practicable to run a turbine wheel with considerable
less peripheral velocity than what has generally been considered
imperative for best efficiency. In this turbine the steam strikes
the wheel several times being guided smoothly in and out of the
j|
wheel in a continuous helical course with gradually decreasing
velocities and increasing sectional areas. There are several other
types of turbines which have achieved or are achieving greater or
less of success, such as. the Brady, Stumpf, & etc,
i
Several manufacturing concerns have recently taken up the manu-
facture of steam turbines, Amomg these are the Alii s, -Chalmers Co, 1
of Milwaukee, which is now manufacturing the Westing-house-Parsohs
j
Turbine with some improvements. The Hooven-Owens-Rentscher Oompany, I
'!
Hamilton, Ohio, has arranged to enter strongly into the steam tur-
j
bine field, A 1500-kw. turbine has already been built and at last
reports was about ready for test at the works; this will be exhibited
at the St. Louis Exposition, It is also reported that the Warren
j
Electric Manufacturing Company, Sandusky, Ohio, has perfected a line
of steam, turbines and is nov; entering orders for turbine alternator'
units in outputs of 150 to 750 kilonalts.
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IV. EFFECT OF VACUUM AND SUPERHEAT ON ECONOMY.
The steam turbine is very sensitive to a vaouum. A oouple of
inches additional vaouum will increase the effioioncy of a steam
turbine much more than it would that of a reciprocating engine. It
is easy to see why this should be so. In the reciprocating engine
of the most refined type more thsn 20 expansions are Barely used,
usually less. In the steam turbine 100 expansions may be easily
realized.
The energy developed by steam in expanding depends not upon the
difference between the initial and final pressure, but upon the
^
ratio of these pressures i.e. the number of times the steam is ex- '
panded. A pound of steam will develop as much energy in expanding
|
from 10 lbs. to 8 lbs. as it will in expanding from 100 to 80 lbs.
and it will develop as much energy in expanding from 1 lb. to. 3 of
a lb. As it would in expanding between either of the higher pressures
hence the valve of the high vacuum. The turbine owes its efficiency
to the large ratios of expansion which it can utilize. In the re-
ciprocating engine these large expansion ratios cannot be utilized
on account of the enormous cylinder volumes that would be required.
Another reason why the vacuum is of particular value to a tur&
bine is the reduction in v/indage that it effects. At the high speed
at which the turbine vanes are run the frictional resistance in the
^
dense high pressure steam of the earlier stages must be considerable,
but in the much less dense atmosphere of the later stages much less i
of the energy absorbed is used in overcoming friction.
Mr. W.L.R. Emmett of The General Electric Company says that in
Curtis turbines which they have tested, the steam consumption has
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been reduced from 6 to 7 per oent for every additional inch of
vaouiim below 25 inches, i'
Frequent statements have appeared that the Parsons turbine gainSj
4 per cent on the steam consumption for every inch of vacuum gain-
ed below 25 inches. These figures are approximate only and probably ;
not comparable, as there appears to be no good reason why one of
these types should realize any more from the vacuum than the other.
Pig. 10 shows the effect of vacuum, giving water comsumption in
pounds per E.H.P.'
Advantages of Superheated Steam.
In the steam turbine steam is admitted at one end of the ma-
chine and passes out at the other, expanding as it passes through,
j
There are no alternate changes of temperature as in the reciprocating
engine, and due to conduction of heat it is probable that the parts
which come in contact with the steam are at a higher temperature
than the steam its-self. There should then be no loss from cpn-
densation with super-heated steam. Moreover the parts which come
in contact with the highly heated steam do not need lubrication
and difficulties are avoided which often occur Ih piston engines.
This condition has raised a question whether the use of superheated
steam would be economical. Would the increased expansive force due
to the higher temp, pay for the additional heat units required to
raise the steam to that temp.? l|
This problem has been studied experimentally by Herr Ernst
Lewicki and others. The machine Lewicki tested was a thirty H.P.
De Laval turbine, running at 28,000 Q.P.M. The results show that
a marked economy is brought about by superheating. Almost 40% sav-
ing in water consumption was effected when using steam superheated
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to 500" over sat. stsam.
There is also less fluid friction with superheated steam. An-
other interesting test was made by Lev/ioki to determine the frict-
ional resistances of the turbine wheel, when revolving in air, in
sat. steam and in super-heated steam. In air 4.6 H.P. was required
to maintain the wheel at 20,000 R.P.M. in sat. steam the power re-
quired was only 3.3 H.P. and with 300 superheat only 1.88 H.P. was
required.
^ On a test of a 500 kilowatt Curtis turbine for 50" superheat
9.5 per;,.oent was saved in steam consumption and for 100° 14 per
cent saving.
It is claimed that after 150*-* superheat is reached the per cent
in saving is very small being simply " ^1. Up to 150° the saving
T
is much greater as it prevents any loss from condensation and con-
sequently prevents any fluid friction.
The advantages of superheat on economy is further shown in Pig. 16.
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V, TESTS AND ECONOMY UNDER DIFFERENT CONDITIONS.
In the experimental field the Steam Turbine presents a most
attractive subject for the student of steam engineering, for, in
spite of the precise construction employed, comparttively little
information is available on the internal operation from either a
mechanical or thermodynamic stand-point.
By far the majority of available tests have been of a commercial'
nature, having for their prime object the determination of economy,
incidental observations only' furnishing the desired data upon kind-
lied points. Steam turbine tests have been conducted to determine
primarily;
1.Economy under load variations.
2. Effect of entrained moisture upon economy.
3. Effect of superheat upon economy,
4. Effect of vacuum upon economy.
5. Effect of varying initial pressure upon economy.
6. Speed variations with change of load.
Tests of Westing-house-Parsons Turbines.
Load Steam
K.W. Press.
Superheat
DepiVOQS F.
Vacuum
Inches
Steam per
Per K.W.
hr.
Per S.H.P. Remarks.
412.5 150.4 99.6 28.15 18.16 13.55
312.8 152.6 102.3 28.12 18.54 13.83 400 K.W.
209.7 152.6 102. 28.2 19.75 14.73 Rated capacity.
113.3 152. 58.6 28.2 24.21 18.06
147.5 149.8 49.6 27. 18.53 13.82
151.2 154 140.6 28.1 16.97 12.66 1000 K.W.
904 149.5 139 28. 18.9 14.10 Rated capacity.
877 149.5 49.3 27. 21.9 16.35
The above data wq^ taken from a table of 27 tests and repre-
sent the average results. These tests were made under commercial
conditions at various places over the country where the Westing-
house Parsons Turbines are in operation.
1
- 40 -
Results of a Test of a 4 stage 2000 K.W. Curtis Turbine at
Factory.
Load Steam Superheat Vacuum Consumption
1750 140.5 200 28.5 14.2
2400 156 239 If 13. 5
1740 u 200 ft 15.3
2210 If 212 If 15.2
2000 u tf ff 15.3
637 n ff tf 20.1
The second test at a load of 2400 K.W. (400 K.W. overload over
rated capacity) gave a consumption of only 13.5 pounds, the best
figure ever produced from a turbine unit and equaled by only a very
few celebrated ueciprocating engine performances.
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VI ADVANTAGES OVER RECIPROCATING ENGINES.
The engine room space for a steam turbine is much loss than is
required for a reciprocating engine. The floor-space occupied by a
Westing-house turbine of moderate size is two-thirds that of a
vertical, and two-fifths that of a horizontal Corliss engine of
the same capacity. A Curtis turbine requires only 1% of the floor
space taken by a horizontal cross-compound engine of the same capa-
city, and the cost of foundations is in about the same ratio in
favor of the turbine. The weight is from 15 to 1^% that of the "
engine. Figured on actual foundation volume required a 1,000 K.V/.
turbine requires only one-ninth that of a vertical engine and one- \
fifteenth that of a horizontal.
|
As ordinarily built assuming $7.00 a cubic yard for concrete
foundation, the 1000 K.W, turbine foundation costs |0.50 per H.P.
j
that for the vertical engine about $1.50 and that for the horizontal!
about $2.50 per H.P.
Assuming 15 cts per cubic foot of space inside the walls, as Ibhe
cost of a brick building with steel roof trusses and fireproof
covering, the cost of a building for the turbine plant is about
half that for either horizontal or vertical engine. Land for build- ^
ing sites in cities is a large item in favor of the turbine. The
space for a 7,500 H,P, Westinghouse turbine is ,049 square feet per
|
E,H,P, capacity or 20.2 H.P. per square foot of floor area required.
The cost of a vertical cross-compound engine, including generatoJT
1
is about $20 per K.W. while the cost of a Ourtis turbine including
generator is $16 per K.W., showing a saving in first cost of 20^
disregarding cost of buildings, real estate, & etc.
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As the foundation of turbines are very small, only sufficient
to carry the weight since there are no vibrations, in many cases
they are run upon floors consisting of iron girders filled in with
concrete, and there is nothing to prevent several turbines being
,
put into a building of several stories on floors one above the other,
j
which would be impossible with reciprocaing engines.
One of the greatest advantages of a turbine is due to the entire
absence of interna} lubrication. Consequently the condensed steam
can be returned to the boilers, saving the cost of oil and water,
often lofo of the cost of fufcl. As no boiler scale is formed while
j
jiusing the same feed water continuously, tube cleaning is unnecessary
and the boilers are maintained at the highest efficiency without
withdrawal from service.
It is estimated that the saving in attendance charges will
average 25fo on the entire station pay roll. A turbine having but one
|
I
moving part requires no adjustment, unlike a reciprocating engine
with a large number of moving parts. \
The compactness of the turbine is largely due to the concentra-
|j
i
tion of worlj:ing parts into a single moving element, the absence
of means of effecting a transformation of motion, necessary in a
steam engine of the reciprocating type, and the employment of the
simplest possible form of motion - rotation for converting the
ij
j,
energy of the working fluid into useful torque. The resultant motion
fortunately happens to be suitable for direct power application in
general, and especially so for the direct driving of alternating -
current generators, a result accomplished with reciprocating engines
only through the eraploycient of large flywheels. Parallel working
with the turbine becomes the simplest of operations, due to the
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entire absence of cyoliGal speed variations, which prove so troubles
jl
some and expensive in the case of the reciprocating engine. The
speeds at which the later turbines operate further contribute to
economy of generator construction, by reducing the number of poles
ij
required for a given frequency. A few comparative figures illustrateli
this point;- The 5000 K.W. generators installed by the Manhattan
Railway Co., N.Y. have 40 poles, an over all diameter of 42 feet;
and a speed of 75 revolutions, giving a frequency of 25 cycles per i
second; the 1500 K.W. Turbo-generator unit at Hartford runs at a
speed of 1200 revolutions and has a frequency of 60 cycles, nec-
essS^lng 6 poles. Preserving the present construction, the Manhattanjj
I;
i|
j
generator would have a diameter of 100 feet, or twenty times that
j
!
of the turbo-generator. The weight of the Hartford unit per rated
\
horse power is 116 i)Ounds, as compared with 400 pounds for the N.Y.
|
I
Edison 6, 500-horse-power units, and 500 pounds for the 4,500 horse- I
1
power units of the Boston Elevated Railway.
;
The absence of internal lubrication permits a high degree of
I superheat. The superheat of the turbine has been raised 250° P. with-^
! out increasing the temperature of any part of the revolving wheels
or surrounding casing, except the admission valves. The conditions
:
in an engine operating at this high temperature would not be as
favorable.
Actual experience in commercial operation has shown that water
carx'ied over from the boilers in large quantities does no injury to
any part of the tui^bine, a serious condition when engines are in
use.
;
The variation in speed of the larger units is within two per
cent, when the load is varied from no load to full load. Turbines
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are coming into more general use on ships; their chief advantages
being, increased eoonomy, absence of all vibrations and more
power in less space, which is important on ship-board.
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VII. CONCLUSION, .
It is thus seen that the steam turbine is especially applicable
to service of medium and large size units on account of the econ-
omies in steam, floor space, foundations and buildings, besides
a less cost of operation. .
The turbine can use superheated steam of any feasible tempera-
ture, because there are no internal rubbing surfaces, no glands
and no cylinder oil to cause lubricating troubles. The exhaust
steam being uncontaminated with oil, yields pure distilled v/ater,
a position of moment where water is scarce or contains impurities
that injuriously affect the boiler. Its chief field is in the
driving of electric generators and the propelling of ships, for
both of which purposes it is rapidly replacing the steam engine.
R.H. Thurston says the impact turbine is that form in which
the engineer finds most promise, but it seems at the present that
the combination of the two forms, as illustrated in'^&urtis andA
Parsonsy^^ is by far the most widely used.
4$ 4
i 4 ^
\ ,^^<[fW'\ :7^ ,:: ,,,
.
^-
tP vP*-
# "ir^ ^i^^ ih ^#
# ^- -# ^f-
"^M^'y
r
f; -
4
4 ^ f f .
# # • #
If # # # f
^ ^ ^
*
^
f
-1^ 4 4
'^^i^--.
,
#
# -lifr
# #
f 4 1/
* * ^
^
, "^i^" ^
^ ^ iW-^ -=^- ^ -ir- --w -w- ,^
4 ' iJ.-
iK ^ #^ -4
^ ^
4^
4 # ,4
' # # ^
^ ^
4 4-''
^ ^ 1*^
4-
# # ^
4^ #
* -1^ #
11^
'
'^^^ "^^1**^
# ^ ^ ^
^ ^ ^ SiSI^ ---Jilir
jJt ^ -iA ^
^ if #
'ih ^
+ ^ K^- ^
^ ^ ^ ^ ^ ^ ^ +^ -# ^
4
^ ^ ^ ^ ^^^^^^ ^ 4,
f ^' ^ # # ^ ^ ^^ ^
^ ^
^ ^ 4 ^ ^ ^ li^. ^1*^^.
4
r
# f * ^ if- ^ # # ^ ^ ^
I 4^ ^ ^ # ^1^^ #
4- 4^ 4^
4
4 4

